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Pressure swing adsorption (PSA) is most widely used gas separation technology for 
hydrogen purification, air separation and carbon capture. Compared to other separation 
technologies it can provide high purity and recovery at economical rate. Most diverse 
application of PSA involves maximizing objectives such as purity, recovery and 
productivity. To fulfill these objectives, it would be highly desirable to reduce the 
operation time which can benefit the overall process with less power consumption at high 
economy. Startup operations have always been a major challenge in PSA due to its 
transient nature, which leads to large operation time over which there is no net productivity 
obtained. Reducing this operation time during startup would be highly desirable in 
economical perspective.  Dynamic optimization (DO) has proved to be a useful tool to 
handle the computational challenges involved in solving these equations to fulfill such 
requirements. In this work, our first aim was to reduce the startup time using a proposed 
formulated optimization problem which was solved using DO for hydrogen-carbon dioxide 
system. DO problem (DOP) was solved using control vector parameterization which is 
efficient for PSA systems. The objective considered was to minimize startup operation time 
for achieving desired product purity. Secondly, we extended the idea of formulated DOP 
for grade transition in PSA. Grade transition is very attractive for systems that require 
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switch among objectives in sequence to obtain multi-grade products. Grade transition was 
implemented to switch from desired purity obtained after startup to achieve desired 
recovery. Formulated DOP was helpful in reducing the switching time during grade 
transition. The proposed optimization problem proved to be an optimal approach for PSA 
operations during startup and grade transition. The major challenge in performing the 
optimal startup and optimal grade transition tasks was the large computational efforts 
required for simulating the PSA. Hence, instead of optimizing the entire transition profile 
of the manipulated variable, we consider optimizing a segment of the transient profile. 
However, optimizing the segment of the profile opened an avenue of dynamic optimization 
for such transient conditions (startup and grade transition).  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
